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(57)Abstract: 

PROBLEM TO BE SOLVED: To form a thin yttria 
stabilizing zirconia film (thin YSZ film) efficiently and the 
thin YSZ film having no pinholes by forming the thin YSZ 
film on a porous trisilicon tetranitride sintered body. '/.-Vy'///- •''//// 
SOLUTION: In the composite material of a thin zirconia 
film, a thin yttria stabilizing zirconia film (thin YSZ film) 1 
is formed on a porous trisilicon tetranitride sintered body 
2. The sintered body 2 is prepared by sintering trisilicon 
tetranitride (SiN) and making SiN porous. The porous 
SiN sintered body has structure in which numbers of SiN 
columnar crystals are entangled complexly with each 
other. The porosity of the sintered body is 30-80%, and 
when the average pore diameter of the pores is formed 
to be 0. 01-50 /xm, the minute thin YSZ film can be 




formed. By controlling the short axis length of the columnar crystals of the sintered body to be 
0. 05-10 jim, the thin YSZ film in which both bonding points of the columnar crystals and 
mechanical strength as a whole are stabilized can be obtained. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Composite material of the zirconia thin film which comes to form a yttria-stabilized-zirconia 
thin film on a 4 nitriding 3 silicon porosity sintered compact. 

[Claim 2] Composite material of the zirconia thin film which comes to form a yttria-stabilized-zirconia 
thin film on a 4 nitriding 3 silicon porosity sintered compact through an electronic conduction nature 
thin film. 

[Claim 3] Composite material of the zirconia thin film according to claim 1 or 2 whose porosity of a 4 
nitriding 3 silicon porosity sintered compact is 30 - 80%. 

[Claim 4] Composite material of the zirconia thin film according to claim 1 to 3 whose average aperture 

of the pore of a 4 nitriding 3 silicon porosity sintered compact is 0.01-50 micrometers. 

[Claim 5] A 4 nitriding 3 silicon porosity sintered compact is the composite material of the zirconia thin 

film according to claim 1 to 4 which consists of columnar crystals of aspect ratios 3-30. 

[Claim 6] Composite material of the zirconia thin film according to claim 1 to 5 whose thickness of a 4 

nitriding 3 silicon porosity sintered compact is 0.1 -10mm. 

[Claim 7] Composite material of the zirconia thin film according to claim 1 to 6 whose content of the 
yttria in yttria stabilized zirconia is 7-1 5-mol%. 

[Claim 8] Composite material of the zirconia thin film according to claim 1 to 7 whose thickness of a 
yttria-stabilized-zirconia thin film is 10 to 200 times the average aperture of the pore of the above- 
mentioned 4 nitriding 3 silicon porosity sintered compact. 

[Claim 9] Composite material of the zirconia thin film according to claim 1 to 8 whose internal stress of 
a yttria-stabilized-zirconia thin film is 0.1-10GPa in compressive stress. 

[Claim 10] Composite material of the zirconia thin film according to claim 1 to 9 whose particle size of 
the particle which constitutes a yttria-stabilized-zirconia thin film is 0.1-3 micrometers. 
[Claim 1 1] Composite material of the zirconia thin film according to claim 1 to 10 whose yttria- 
stabilized-zirconia thin film is film which has the gas airtightness of a 1x10-9 - 1x10-7 atm-cc/second. 
[Claim 12] Composite material of the zirconia thin film according to claim 1 to 1 1 with which this 
electronic conduction nature thin film is formed in the periphery of a 4 nitriding 3 silicon porosity 
sintered compact by the above-mentioned electronic conduction nature thin film consisting of nickel. 
[Claim 13] The manufacture approach of the composite material of the zirconia thin film which forms a 
yttria-stabilized-zirconia thin film by the arc ion plating method or the ion plating method on a 4 
nitriding 3 silicon porosity sintered compact or an electronic conduction nature thin film. 
[Claim 14] The manufacture approach of the composite material of the zirconia thin film according to 
claim 13 which impresses the negative bias electrical potential difference of a pulse-like direct current, 
and forms a yttria-stabilized-zirconia thin film. 

[Claim 15] The manufacture approach of the composite material of a zirconia thin film according to 
claim 13 or 14 that the frequency of a pulse is 10-400kHz, and pulse width is 2.5-100 micrometers. 
[Claim 16] The manufacture approach of the composite material of a zirconia thin film according to 
claim 13 to 15 that the time amount which impresses a negative electrical potential difference is 1 - 50 
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microseconds. 

[Claim 17] The manufacture approach of the composite material of a zirconia thin film according to 
claim 13 to 16 that a negative electrical potential difference is -1 0-2000 V in the cusp value. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the composite material of a zirconia thin film. 
[0002] 

[Description of the Prior Art] Conventionally, the sintered compact of the shape of bulk of a zirconia 
was used for the gas sensor. Since this sintered compact does not have the enough mechanical strength, 
it needs to thicken thickness at the time of an activity. Moreover, in order to raise thermal shock 
resistance, the atomization of this sintered compact organization is required, and, for this reason, the 
addition of an yttrium was restricted. 

[0003] Moreover, what formed the yttria-stabilized-zirconia thin film to the porosity base material is 
examined as the sensor of gas, such as oxygen, or a solid electrolyte of a fuel cell recently. 
[0004] 

[Problem(s) to be Solved by the Invention] However, when forming a yttria-stabilized-zirconia thin film 
on a porosity base material, it is necessary to form the pinhole free film without a pinhole. For this 
reason, it is difficult to form this pinhole free film by the usual forming-membranes methods, such as the 
sputtering method and a CVD method. 

[0005] Moreover, although there is an electrochemical gaseous-phase volume method (EVD law) which 
forms an electrolyte layer, supplies oxygen ion through this electrolyte layer, reacts with a chloride raw 
material on a growth front face, and forms yttria stabilized zirconia, equipment cost is high and the 
utilization factor of material gas is low, and since the membrane formation rate is low, it has a trouble 
used as high cost. 

[0006] As an approach of avoiding the problem of this cost side, although a spraying process is 
examined, by this approach, formation of the precise film is difficult and thickness 100 micrometers or 
more is needed. Moreover, sealing by a sol gel process etc. is needed after membrane formation. 
[0007] Although examination of membranous eburnation is also performed by performing a spraying 
process under reduced pressure further again, enough precise film is not obtained. 
[0008] Then, this invention tends to form a pinhole free-lancer's yttria-stabilized-zirconia thin film while 
making a yttria-stabilized-zirconia thin film form efficiently on a porosity base material. 
[0009] 

[Means for Solving the Problem] This invention solved the above-mentioned technical problem by 
forming a yttria-stabilized-zirconia thin film on a 4 nitriding 3 silicon porosity sintered compact. 
[0010] Since a yttria-stabilized-zirconia thin film is made to form in the front face of the 4 nitriding 3 
silicon porosity sintered compact which consists of a columnar crystal, a yttria-stabilized-zirconia thin 
film can be formed efficiently, and a pinhole free-lancer's yttria-stabilized-zirconia thin film can be 
formed. 

[001 1] A yttria-stabilized-zirconia thin film is made to form through an electronic conduction nature thin 
film on the above-mentioned 4 nitriding 3 silicon porosity sintered compact. Since this electronic 
conduction nature thin film can be used as an electrode, it becomes possible [ using for gas sensors and 
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fuel cells, such as oxygen, ]. 
[0012] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained. The 
composite material of the zirconia thin film concerning this invention comes to form a yttria-stabilized- 
zirconia thin film on a 4 nitriding 3 silicon porosity sintered compact. 

[0013] The above-mentioned 4 nitriding 3 silicon porosity sintered compact sinters and porosity-izes 4 
nitriding 3 silicon (Si3 N4) (it abbreviates to "SiN" hereafter.). This SiN porosity sintered compact has 
the structure with which the columnar crystal of much SiN(s) became entangled intricately, as shown in 
drawing 1 . 

[0014] 30 - 80% of the porosity of this SiN porosity sintered compact is desirable. Less than 30% is not 
enough as gas permeability. If 80% is exceeded, mechanical strengths run short, and the amounts of 
support of metals (nickel, Pt, etc.) run short, and there is a case where the expected engine performance 
stops coming out. 

[0015] The average aperture of the pore of the above-mentioned SiN porosity sintered compact has 
desirable ftQl -5Q_m icrometers, and its 0.05-1 micrometer is more desirable. The compactness of the fc^, 
yttria-stabilized-zirconia thin film which a mechanical strength will become low if gas permeability is _ 
not enough if it is less than 0.01 micrometers, and 50 micrometers is exceeded, and is formed in a SiN 
porosity sintered compact front face falls. 

[0016] As for the aspect ratio of the columnar crystal of the above-mentioned SiN porosity sintered 
compact, 3-30 are desirable. A mechanical strength is not enough if it is less than three. Moreover, 
although 30 may be exceeded, manufacture may become difficult and 30 is enough. 
[0017] The minor- axis length of the columnar crystal of the above-mentioned SiN porosity sintered 
compact has desirable 0.05-10 micrometers, and is more desirable. [ of 0.1-1 micrometer ] If the 
reinforcement of a columnar crystal will become weak if it is less than 0.05 micrometers, an overall 
mechanical strength falls and 10 micrometers is exceeded, the joint of columnar crystals will decrease 
and overall mechanical-strength lowering will arise. 

[0018] The thickness of the above-mentioned SiN porosity sintered compact has 0.1-1 0 desirablemm. If 
it is less than 0.1mm, a mechanical strength will fall, and the case where it becomes impossible to 
present practical use arises. Moreover* if 10mm is exceeded, when a gaseous diffusing capacity will 
decrease, a yttria-stabilized-zirconia thin film will be formed in a front face and it will use this as a 
component, the function as a component falls. 

[0019] Although there are various approaches in order to manufacture the above-mentioned SiN 
porosity sintered compact, the approach of a publication is raised [ patent re-announcement official 
report / No. 827929 / six to ], for example. This approach is the approach of mixing and fabricating the 
compound which has rare earth elements, such as an yttrium, to nitriding cay prime powder, and heat- 
treating this Plastic solid at the temperature of 1500-2100 degrees C under a nitrogen content ambient 
atmosphere, thereby — beta-Si 3 N4 from - the becoming columnar crystal can be deposited and a 
porous body with high porosity can be manufactured. 

[0020] The above-mentioned yttria stabilized zirconia (it abbreviates to "YSZ" hereafter.) says the 
zirconia which contains yttria as a stabilizing agent. 

[0021] 7-15-mol% of the content of the yttria in this YSZ is desirable. If it is less than [ 7mol% ], the 
amount of oxygen defects which becomes the basis of conduction of oxygen ion will decrease, and it 
will be hard coming to come out the engine performance of the object. When 15-mol% is exceeded, an 
yttrium atom takes up the site which makes oxygen ion conduct, the conductivity of oxygen ion falls, 
and it becomes impossible moreover, to present practical use. 

[0022] The thickness of the above-mentioned YSZ thin film has ten to 200 desirableji^^ 
ja\^ge a perturej^ If it is less than 1 0 r 

times, it will become easy to produce a pinhole!, if 200 times are exceeded, oxygen ionic conductivity ^ JT 
may fall, lifting of the applied voltage to a YSZ thin film and lifting of actuation temperature may be ~~ 
needed, lowering of output density may occur, and effectiveness may worsen. 

[0023] Since the difference of the coefficient of thermal expansion of the above-mentioned SiN porosity 
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sintered compact and a YSZ thin film is large, it may be hard to make a YSZ thin film form on a SiN 
porosity sintered compact. When internal stress is applied to a YSZ thin film at this time and membranes 
are formed, exfoliation with a SiN porosity sintered compact and a YSZ thin film is hard to be generated 
and is desirable. The internal stress of this YSZ thin film is compressive stress, and its 0.1-10GPa is 
desirable. If it is less than 0.1 GPas, it becomes impossible to absorb the tensile stress by the differential 
thermal expansion at the time of carrying out temperature up to 700 degrees C from a room temperature, 
and is not desirable. Moreover, if lOGPa is exceeded, in order to exceed the junction force of the 
interface of a SiN porosity sintered compact and a YSZ thin film, exfoliation of a YSZ thin film arises. 
Moreover, it becomes a value exceeding the reinforcement of a SiN porosity sintered compact, and a 
SiN porosity sintered compact is made to produce a crack etc. As a measuring method of the above- 
mentioned internal stress, the approach of measuring from the amount of the camber of the SiN porosity 
sintered compact before and behind membrane formation, the approach of measuring from the shift 
amount of the peak by the X diffraction, etc. are raised. Moreover, as an approach of applying this 
compressive stress to a YSZ coat, the method of adjusting substrate temperature, pulse-like DC-bias 
applied voltage, and a frequency is raised, for example in the arc ion plating method mentioned later. 
[0024] The particle size of the particle which constitutes the above-mentioned YSZ thin film has 
desirable 0.1-3 micrometers. If it is less than 0.1 micrometers, when the ion conductivity of a YSZ thin 
film will worsen and will use this composite material as a component under the effect of a particle, the 
function as a component falls. Moreover, if 3 micrometers is exceeded, the area of the particle in an 
interface will decrease, the mechanical strength of a thin film will fall as a whole, and a crack will 
become easy to enter. Moreover, when gaseous airtightness falls and this composite material is used as a 
component, the engine performance of a component falls. 

[0025] The gas airtightness of the above-mentioned YSZ thin film has a desirable 1x10-9 - 1x10-7 atm- 
cc/second. The higher one of gas airtightness is good, and even if higher than a 1x10-9 atm-cc/second, 
the engine performance as an electrochemistry component is not alienated, but it is enough if it is a 
1x10-9 atm-cc/second grade. Moreover, if lower than a 1x10-7 atm-cc/second, gas will penetrate too 
much. 

[0026] The above-mentioned YSZ thin film 1 is formed permeating between the columnar crystals of 
the front face of the SiN porosity sintered compact 2, as shown in drawing 1 . For this reason, the above- 
mentioned YSZ thin film 1 is formed in the SiN porosity sintered compact 2 with sufficient adhesion. 
Moreover, an electronic conduction nature thin film may be prepared as an electrode between this YSZ 
thin film 1 and the SiN porosity sintered compact 2. In this case, it is formed by making the SiN porosity 
sintered compact 2 vapor-deposit the metal which constitutes an electronic conduction nature thin film 
by a spatter etc. As an example of such an electronic conduction nature thin film, the nickel layer 3 as 
shown in drawing 1 , and the Pt layer 4 as shown in drawing 3 are raised. These layers do not form a 
smooth flat-surface thin film, but since they are formed along with the columnar crystal of SiN porosity 
sintered compact 2 front face as shown in drawing 2 or drawing 3 , irregularity produces them, and the 
YSZ thin film 1 is formed with sufficient adhesion. 

[0027] Moreover, the above-mentioned electronic conduction nature thin film may be formed in the 
periphery of a SiN porosity sintered compact by a spatter etc. If it does in this way, the electrode which 
has gas permeability can be obtained. 

[0028] As an approach of forming the YSZ thin film 1 on SiN porosity sintered compact 2 front face or 
an electronic conduction nature thin film, thej on plating method (it abbreviates to "IP" hereafter.) is 
raised. This is the approach that a part of evaporation particle can be ionized, kinetic energy can be 
enlarged, and membraneous qualities formed, such as the adhesion of a thin film and compactness, can 
be improved. As an ion plating method, the multi-cathode thermoelectron irradiating method, a high- 
frequency excitation method, a hollow cathode method, the ionized cluster beam method, activated 
reactive evaporation, and the arc ion plating method (it abbreviates to "AIP" hereafter.) are raised. AIP 
is an approach which the base material 14 which used the evaporation source 1 1 for cathode, was made 
to generate ion 12 and 13 in the plasma 16 by arc discharge, and prepared this in the anode plate is made 
to vapor-deposit, as shown in the conceptual diagram of drawing 4 . The zirconium alloy which contains 
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the yttrium used as the raw material of the YSZ thin film 1 as this evaporation source 1 1 is used. 
Moreover, as a base material 14, the SiN porosity sintered compact 2 or the SiN porosity sintered 
compact 2 which prepared the electronic conduction nature thin film in the front face is used. 
[0029] When evaporating a raw material as an evaporation source 1 1 in AIP, an oxide skin is made to a 
base material 14. In this case, although discharge generally becomes unstable and discharge stops for a 
short time, when making a YSZ thin film form, discharge is stabilized and sufficient oxide skin is 
formed. 

[0030] As for DC power supply 15 connected with the above-mentioned base material 14, considering 
as pulse-like DC power supply is desirable. This becomes possible to impress the negative bias electrical 
potential difference of a pulse-like direct current between an evaporation source 1 1 and a base material 
14. By making applied voltage into the shape of a pulse, the particle size of the unit particle which the 
YSZ thin film tissue which makes it form does eburnation, and constitutes a YSZ thin film makes it 
detailed. For this reason, gas airtightness improves. 

[0031] The frequency of the above-mentioned pulse has desirable 10-400kHz, and 2.5-100 micrometers 
of pulse width are desirable. When the frequency of a pulse is less than 10kHz, or when pulse width 
exceeds 100 micrometers, the time amount to which a negative electrical potential difference is 
impressed becomes long, and the case where thin film tissue is destroyed in dielectric breakdown arises. 
Moreover, since the time amount to which a negative electrical potential difference is made to impress is 
too short when the frequency of a pulse exceeds 400kHz, or when pulse width is less than 5 
micrometers, the case where effectiveness of bias cannot be achieved arises. 

[0032] The time amount which impresses the above-mentioned negative electrical potential difference 
has 1 - 50 desirable microseconds. In the case of less than 1 microsecond, since the time amount to 
which a negative electrical potential difference is made to impress is top short, the case where 
effectiveness of bias cannot be achieved arises. Moreover, when longer than 50 microseconds, the time 
amount to which a negative electrical potential difference is impressed becomes long, and the case 
where thin film tissue is destroyed in dielectric breakdown arises. 

[0033] As for the above-mentioned negative electrical potential difference, -10--2000V are desirable at 
the cusp value, and - 1 00-1 000 V are more desirable. - If it is less than [ 10V ], the case where a negative 
electrical potential difference is too low to achieve the effectiveness of bias will arise. - If 2000V are 
exceeded, past [ the high one ] and the case where thin film tissue is destroyed in dielectric breakdown 
will arise [ a negative electrical potential difference ]. 

[0034] The composite material of the zirconia thin film obtained by the above-mentioned approach is 
applicable to an oxygen sensor, a fuel cell, etc. When using as an oxygen sensor, as shown in drawing 
3 , the laminating of Pt layer 4 f is carded out to the outer layer of the YSZ thin film 1 by a spatter etc. as 
other electrodes, using the Pt layer 4 as an electrode slack electronic conduction nature thin film. And as 
shown in drawing 5 , it c an be used as an oxygen sensor by forming DC power supp ^^ j^jan 1 
ammeter 22 between the Ft layer 4 which is two elec5^eK"a^i34^ 

[0035] This oxygen sensor is excellent at thermal shock resistance or a mechanical strength compared 
with what carried out the laminating of the YSZ thin film on the conventional alumina. 
[0036] When using the composite material of the zirconia thin film obtained by the above-mentioned 
approach as a fuel cell, as shown in drawing 2 , the nickel layer 3 is used as an electrode slack electronic 
conduction nature thin film, and it is LaSrMn03 as an electrode of others [ outer layer / of the YSZ thin 
film 1 L The laminating of the layer 5 is carried out by AIP etc. Moreover, the SiN porosity sintered 
compact 2 covers the periphery in the nickel layer 3. By making this laminated structure into one unit, as 
shown in drawing 6 , a laminating is carried out also to many [-fold ] through a separator 6. The 
electrode slack each nickel layer and inverter 23 of one of these are connected with lead wire, and it is 
electrode slack each LaSrMn03 of another side. A layer 5 and an inverter 23 are connected with lead 
wire. The above-mentioned inverter 23 changes and outputs the obtained electrical potential difference 
to alternating voltage. 

[0037] The above-mentioned separator 6 is formed with a nickel-Cr alloy etc., and the hydrogen floating 
slot 7 is formed on the surface of one side, and the oxygen fluid bed 8 is further formed on the surface of 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



8/1/05 



JP,2000-062077,A [DETAILED DESCRIPTION] 



Page 5 of 9 



an opposite hand. Raw material slack hydrogen and oxygen are supplied from each of these floating 
slots 8 and 9. 

[0038] That of a wrap is because the thing of electrical conductivity is needed for the periphery of the 
SiN porosity sintered compact 2 in the nickel layer 3, in order that a fuel cell may carry out the 
laminating of the configuration unit to a serial through a separator 6 for the periphery of the SiN 
porosity sintered compact 2 as mentioned above. 

[0039] Moreover, the above-mentioned YSZ thin film will play a role of a solid electrolyte. 
[0040] A nickel-YSZ cermet may be used further again instead of the nickel layer 3 used as the above- 
mentioned electrode. Even if it is the case where a nickel-YSZ cermet is used, what has the precise YSZ 
thin film by which a laminating is carried out to the front face is obtained. Compared with the case 
where nickel layer is used as an electrode in this case, it may merely be inferior to a mechanical strength 
and dimensional accuracy a little. 
[0041] 

[Example] [Example 1] / 

(Manufacture of the composite material of a zirconia thin film) According to the approach of a " 
publication, the SiN porosity sintered compact which are the diameter of 21mm and the thickness of 
0.5mm was created [ patent re-announcement official report / No. 827929 / six to ]. The average aperture 
of the pore was 0.1 micrometers, and porosity was 40%. ^ metal wasjaro 

compact Jiont face in the spatter at 0.1 -micrometer thickness. The YSZ thin film was formed by using 
this sint ered compact as a base material by the AIP method shown in the conceptual diagramj of drawing 



4 . The yttrium content zirconium alloy was used as an evaporation source. The arc current value was 
'considered as 100A regularity. The base material was heated at 700 degrees C. The conditions of pulse- 
like DC-bias impression were 30kHz, the time amount which the negative electrical potential difference 
is impressing was 20 microseconds, and the cusp value of a negative electrical potential difference was - 
600V. Membrane formation time amount was 90 minutes, and the thickness at that time was 10 
micrometers. When the airt ightness of the o^ained YSZ thin film was measured by the helium leak 
detgsJQfjiQ^a^^^^^ 1x1 0-9^tm-cc?secoh<l7 and to^gaseous tieliunC^ and 

[0042] (Oxygen sensor) Pt thin film of 0.1 -micrometer thickness was formed in the YSZ thin film front 
face of the composite material of the above-mentioned zirconia thin film by the spatter. The engine 
performance was investigated as an oxygen sensor which shows this to drawing 5 . When measured at 
700 degrees C, the output power which has linearity very high from low concentration 10 ppm or less to 
90% or more of high concentration was obtained. Moreover, the responsibility trial to gas concentration 
change was performed. To the capacity of a measurement container, the gas of sufficient flow rate is 
changed to a sink, and it changes an oxygen density to the instant within 10m second, then the approach 
passed the gas of sufficient flow rate to the capacity of a measurement container. Consequently, gas 
responsibility was 100 m seconds. 

[0043] (Fuel cell) To the YSZ thin film front face of the composite material of the above-mentioned 
zirconia thin film, it is LaSrMn03 with the AIP method. The coat was formed. And as shown in drawing 
6 , the laminating was carried out to the shape of a straight line through the separator. It assembled as a 
fuel cell which shows this to drawing 6 , and the engine performance was measured with the 
electromotive force measuring device. Consequently, they are output voltage IV and current density 0.8 
A/cm2 at 700 degrees C. The output was obtained and it had the high engine performance. 
[0044] (Heat resistance test) The thermal-shock-resistance trial of the composite material of the above- 
mentioned zirconia thin film was carried out by the following approach. In the electric furnace heated by 
1000 degrees C, the thermocouple was attached and switched on at the composite material of the above- 
mentioned zirconia thin film, and the temperature-up temperature was measured. Consequently, it was 
700 degrees C/second. Furthermore, to 1000 degrees C, from the inside of a furnace, the heated sample 
was supplied to ejection and underwater and carried out sudden cooling. Although the gas airtightness of 
a thermocouple was examined to the composite material of this zirconia thin film, a trial front and 
change were not seen to air and helium. Moreover, using the composite material of this zirconia thin 
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film, the oxygen sensor and the fuel cell were constituted as mentioned above, and the engine 
performance was measured. Consequently, change of the engine performance was not seen. 
Furthermore, the crack and the generating situation of a pinhole were observed by the approach by 
coloring with an electron microscope and coloring matter about the composite material of this zirconia 
thin film. Consequently, the crack and the pinhole were not observed. 
[0045] [An example 2, the example 1 of a comparison] 

(When the SiN porosity sintered compact with which porosity differs is used) The composite material of 
a zirconia thin film was manufactured like the example 1 except having used the SiN porosity sintered 
compact which has the porosity of a publication for a table 1 . Moreover, as a metallic conduction nature 
thin film, nickel thin film or Pt thin film was formed using the same approach as an example 1. Using 
the composite material of the obtained zirconia thin film, the oxygen sensor of a publication is produced 
in the example 1, and the result is shown in a table 1. In addition, the sign in a table 1 shows following 
semantics. 

Linearity: It is shown that O has linearity. Moreover, it is shown that x does not have linearity. 
Gas responsibility: It is shown that O is good less than [ 200m second ]. ** exceeds.200 m seconds and 
it is shown that it is a little good less than [ 350m second ]. x shows a poor thing in 400 m seconds. 
Mechanical strength: Flexural strength is said and it is shown that O mark is good at 10 or more MPas. It 
is shown that x mark is poor at less than 10 MPas. 

Comprehensive assessment: As for O, all show the thing of O by three above-mentioned assessment, x 

shows what has at least one x among three above-mentioned assessment. 

;0046] 

A table 1] __^ 
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[0047] When result porosity was 30 - 80%, as an oxygen sensor, it was good, but when porosity was less 
than 30%, the amount of supply of an oxygen molecule ran short, and the predetermined engine 
performance did not come out. Moreover, when 80% was exceeded* while mechanical strengths ran 
short, the amounts of support of nickel thin film as a metallic conduction nature thin film or Pt thin film 
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ran short, and the predetermined engine performance did not come out. 
[0048] [An example 3, the example 2 of a comparison] 

(When the SiN porosity sintered compact with which average apertures differ is used) The composite 
material of a zirconia thin film was manufactured like the example 1 except having used the SiN 
porosity sintered compact which has the average aperture of a publication for a table 2. Moreover, as a 
metallic conduction nature thin film, nickel thin film or Pt thin film was formed using the same 
approach as an example 1 . Using the composite material of the obtained zirconia thin film, the oxygen 
sensor of a publication was produced in the example 1, and mechanical strength (bending reinforcement) 
was measured. Moreover, the fuel cell of a publication was produced in the example 1, and the cell 
output was measured. The result is shown in a table 2. In addition, the sign in a table 2 shows following 
semantics. 

Mechanical strength: Flexural strength is said and it is shown that O mark is good at 10 or more MPas. It 
is shown that x mark is poor at less than 10 MPas. 

Cell output: O mark is 0.2W/m2. A good thing is shown above, x marks are 0.2 W/m2. A poor thing is 
shown by the following. 

Comprehensive assessment: As for O, all show the thing of O by two above-mentioned assessment, x 

shows what has at least one x between two above-mentioned assessment. 

[0049] 
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[0050] [An example 4, the example 3 of a comparison] 

(When the thickness of a YSZ thin film is changed) The composite material of a zirconia thin film was 
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manufactured like the example 1 except having used YSZ which has the thickness shown in the SiN 
porosity sintered compact and table 3 which have the average aperture of a publication in a table 3. 
Moreover, as a metallic conduction nature thin film, nickel thin film or Pt thin film was formed using 
the same approach as an example 1 . Using the composite material of the obtained zirconia thin film, the 
fuel cell of a publication was produced in the example 1, and gas airtightness, a cell output, and 
actuation temperature were measured. The result is shown in a table 3. In addition, the sign in a table 3 
shows following semantics. 

Gas airtightness: It is shown that O mark is good at 1x10-9 to 1x10-7. It is shown that x mark is poor in 
range other than the above. 

Cell output: O mark is 0.2W/m2. A good thing is shown above, x marks are 0.2 W/m2. A poor thing is 
shown by the following. 

Comprehensive assessment: As for O, all show the thing of O by two above-mentioned assessment, x 

shows what has at least one x between two above-mentioned assessment. 

;0051] 

A table 31 
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[0052] [The example 4 of a comparison] 

(When the SiN porosity sintered compact with which thickness differs is used) The composite material 
of a zirconia thin film was manufactured like the example 1 except having used the SiN porosity 
sintered compact with which thickness differs. Moreover, as a metallic conduction nature thin film, 
nickel thin film or Pt thin film was formed using the same approach as an example 1. Using the 
composite material of the obtained zirconia thin film, the oxygen sensor of a publication was produced 
in the example 1, and mechanical strength (bending reinforcement) and gas responsibility were 
measured. Consequently, when thickness was less than 0.1mm, the flexural strength of 2MPa was 
shown and it became clear that each application cannot be presented. Moreover, when 10mm was 
exceeded, gas responsibility showed 1000 m seconds, and the amount of supply of oxygen gas ran short. 
Furthermore, it had 1 minutes or more in the temperature up to the temperature which becomes usable. 
For these reasons, the expected engine performance was not able to be pulled out. 
[0053] [The example 5 of a comparison] 

(When the compressive stress of a YSZ coat is changed) According to the approach of a publication, the 
composite material of a zirconia thin film was manufactured [ by adjusting the substrate temperature of 
the AIP method, pulse-like DC-bias applied voltage, and a frequency ] in the example 1 except having 
adjusted the compressive stress of a YSZ coat. Internal stress was computed in the amount of curvatures 
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of a substrate. 

[0054] Consequently, when compressive stress was less than 0.1 GPas and having been supplied to the 
electric furnace heated at 700 degrees C of composite material of a zirconia thin film, the crack arose in 
the YSZ thin film. Moreover, when compressive stress exceeded 10GPa(s), it turned out after formation 
of a YSZ thin film that the crack has arisen in the SiN sintered compact. 
[0055] 

[Effect of the Invention] Since a YSZ thin film is formed in the front face of the SiN porosity sintered 
compact of a columnar crystal, while a YSZ thin film is formed efficiently according to this invention, a 
pinhole free-lancer's YSZ thin film is obtained. 

[0056] Moreover, since the negative bias electrical potential difference of a pulse-like direct current is 
impressed and a YSZ thin film is made to form by AIP, the YSZ thin film formed will become precise. 
[0057] The composite material of this zirconia thin film becomes possible [ using for gas sensors and 
fuel cells, such as oxygen, ]. 



[Translation done.] 
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